An inverse analysis method has already been proposed by the authors to identify damping parameters of laminated composite materials using the FEM eigenvalue analysis. The purpose of this study is to apply the proposed method to a laminated shallow cylindrical shell. First, by applying the experimental modal analysis technique to the laminated shallow cylindrical shell with free boundary conditions, natural frequencies, mode shapes, and modal damping ratios are obtained. Next, by considering those obtained for the laminated shallow cylindrical shell, damping parameters for the lamina of the shell are identified
INTRODUCTION
Since composite materials such as fiber reinforced plastics (FRP) have high specific strength and high specific modulus, they have been used in many structural applications and aerospace structures. with free boundary conditions, natural frequencies, mode shapes, and modal damping ratios are obtained.
Next, considering the obtained vibration characteristics of these laminated shallow cylindrical shells, the damping parameters for the lamina of these laminated shallow cylindrical shells are identified numerically.
IDENTIFICATION METHOD

Model of Laminated Composites
The stress-strain relations for the rth orthotropic lamina in the material direction LTV (See 
Using first-order shear deformation theory, for a laminated composite, the generalized stress-strain relations for a finite shell element model is 
Nil. .
(5)
Here ζ is the distance from the neutral surface to each lamina, k is the shear correction coefficient (5/6), and NTL is the total number of laminae. where the components ψ,} are the specific damping capacity in each strain direction. They also suggested that components of the SDC matrix could be measured The energy dissipated during a cycle of the wth modal vibration for a laminated composite shell is calculated as follows
Here ψ is the SDC matrix of a shell element written by
where the components of matrices (ψ ρ , ψ € ·, Vb, and
Since ψη Γ are the components of the energy-dissipation matrix i// r , which is calculated by the SDC matrix in Eq.(8) transforming into the direction of the elemental coordinate axes.
Wr = V ψ r Q r T r (15)
The maximum strain energy and the energy dissipated during a cycle of the wth modal vibration are given by
where δ" is the «th modal vector, Β is the displacement-strain relation matrix and L is the transfer matrix of elemental coordinates. Finally, the «th modal damping ratio is calculated as the ratio of the dissipated energy and the maximum strain energy.
Nonlinear Optimization Method
Considering the relationship between the SDC matrix and the modal damping ratios as a nonlinear system, the quasi-Newton method can be used for identifying the damping parameters in the material principal direction. We define the error function as the difference between the wth modal damping ratio ζβ η measured by the excitation test and the calculated one ζ η (χ) by the analysis, as follows:
where jc are the damping parameters. Then, the identification is considered as a nonlinear optimization problem to find a solution JC that minimizes the error norm Φ(χ).
where NTM is the total number of referring modes.
(20) 
A step size parameter λ is chosen by the line searcher algorithm, and a search direction vector d can be given as a solution of the equation followed by
configuration and material properties of the specimen are given. Secondly, to calculate the natural frequencies and mode shapes, the eigenvalue analysis is carried out with the initial parameters. Subsequently, considering the obtained mode shapes, the modal damping ratios of the specimen are estimated. Thirdly, the error function #(*) is estimated by the difference of the modal damping ratios between the analysis and experiment.
After that, as mentioned above, damping parameters of the lamina χ are identified by the quasi-Newton method.
Finally, if the calculated modal damping ratios are converged into the experimental ones, the identification program is terminated.
where Η and J are the Hessian and Jacobian matrices of error function g(x k ), respectively. The laminae of these shells are made of the same prepreg sheets. The material properties for the laminae of these shells are shown in Table 1 . In Table 1 , the elastic moduli £,, E T in the direction of the parallel and normal to the fiber, shear moduli Gn, G t ·/., and G lr are
shown (see Fig. 1 ). These elastic parameters were estimated by the identification program proposed by the 
Natural frequency, mode shape, and modal damping ratio
To satisfy the free boundary conditions, each Table 2 and Table 3 show the experimentally obtained natural frequencies, mode shapes, and modal damping ratios of the each laminated shallow cylindrical shell. For the mode shapes, upper and lower edges are the curved edges.
Identified damping parameters
From the experimental natural frequencies, mode shapes, and modal damping ratios shown in Table 2 and Table 3 , the damping parameters for the lamina of the laminated shallow cylindrical shells were estimated by the proposed inverse analysis method. The computations were carried out using the FEM eigenvalue program with triangular shell elements. The shell is discretized with 800 elements and 441 nodal points. In the numerical calculations, the mass of the accelerometer was not considered because the mass of the accelerometer is very small. The identified damping parameters of the lamina are shown in Table 4 . In Table   4 , the damping parameters ψι, ψτ in the direction of the parallel and normal to the fiber, shear damping parameters ψτν » ψνΐ» and ψιτ are shown (see Fig.   1 ). From this table, one can find good agreements between the identified damping parameters for lamina of the angle-ply laminated shallow cylindrical shell and that of the cross-ply laminated shallow cylindrical shell.
Furthermore, in order to confirm the identified damping parameters, the modal damping ratios of the laminated shallow cylindrical shells were estimated by using these identified damping parameters. From Table 2 , one can Table 3 shows good agreements for the modal damping ratios and natural frequencies of the cross-ply laminated shallow cylindrical shell. In this paper, numerical mode shapes are not reported because one can find the excellent agreements between these mode shapes of the laminated shallow cylindrical shells.
CONCLUSIONS
The inverse analysis method to identify damping parameters for the lamina of the laminated composite materials was applied to the angle-ply and the cross-ply 
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